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. Abs t rac t  

S t a t o l i t h  fo rma t ion  i n  C n i d a r i a  was reviewed 
wi th an emphasis on A u r e l i a  s t a t o l i t h s .  The ~ 

review p rov ides  I n f o r m a t i o n  on t h e  chemical 
composit ion, mechanisms o f  i n i t i a t i o n  o f  
m i n e r a l i z a t i o n ,  and e f f e c t s  o f  environmental 
f a c t o r s  on Cn ida r ian  s t a t o l i t h  format ion.  
Environmental f a c t o r s  discussed i n c l u d e  m o d i f i e d  
sea water  i n g r e d i e n t s ,  X - i r r a d i a t i o n ,  c l i n o s t a t  
r o t a t i o n ,  and petroleum o i l  i n g r e d i e n t s .  A 
d e t a i l e d  account o f  the e f f e c t s  o f  cadmium on 
m i n e r a l i z a t i o n  and demineral i z a t i o n  o f  Aurel i a  
s t a t o l i t h s  i s  given. 
4 UM s i g n i f i c a n t l y  reduces s t a t o l i t h  numbers i n  
developing ephyrae. A t  a dosage o f  3 uM, cadmium 
acce le ra tes  s t a t o l i t h  l o s s  i n  unfed ephyrae 
s tud ied  a t  4 and 8 days f o l l o w i n g  ephyra r e l e a s e  
from s t r o b i l a e .  Cadmium, the re fo re ,  i s  shown t o  
reduce s t a t o l i t h  numbers i n  deve lop ing  ephyrae 
and t o  cause g r e a t e r  r e d u c t i o n  o f  s t a t o l i t h  
numbers i n  unfed ephyrae a f t e r  4 and 8 days than  
occurred i n  c o n t r o l s .  Supplementation o f  Cdz - 
c o n t a i n i n g  a r t i f i c i a l  sea water  (ASW) wi th  
ca l c ium (3X and SX ASW ca lc ium con ten t )  r e s u l t s  
i n  h ighe r  numbers o f  s t a t o l i t h s  a t  day 4 as 
compared w i t h  cadmium-treated ephyrae. A t  8 days 
o n l y  the  5X ca l c ium supplemented ASH 1s e f f e c t i v e  
i n  enhancing s t a t o l i t h  numbers i n  Cdz - t r e a t e d  
ephyrae. 
competes i n  some manner wi th  ca l c ium a t  t h e  
m i n e r a l i z i n g  s i t e s  o f  Au re l i a .  

Cadmium a t  d o s a g e m t o  

These r e s u l t s  suggest t h a t  cadmium 

I 

KEY WOROS: J e l l y f i s h ,  Au re l i a ,  metamorphosis, 
s t a t o l i t h s ,  m ine ra l  izat-mi?eral i z a t i o n ,  

s u l f a t e ,  ephyra, c a l c i f y i n g  ves ic les.  calclc 4, 

. -  . .  14 

._. . . .- 
1.. 

I n t r o d u c t i o n  
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I n  Cn ida r ia ,  medusae o f  Hydrozoa and Scypho- 
zoa form s t a t o c y s t s  c o n s i s t i n g  o f  l i t h o c y t e s  w i t h  
i n t r a c e l l u l a r  s t a t o l i t h s .  Anthozoans and some 
p r i m i t i v e  leptomedusae l a c k  s t a t o c y s t s  and s t a t o -  
1 i t h s  (Hyman , 1940; Chapman, 1985).  
(1975),  i n  h i s  d e t a i l e d  account o f  t h e  s t a t o c y s t s  
o f  Hydromedusae desc r ibes  s t a t o c y s t s  o f  Lepto-  

Sing1 a 

meduiae, M i  trocomel 1 a p o l  y d i  ademata , Phi a1 i d i um 

aequorea, and two narco- 
medusae, Aegina c i t r e a  and Solmissus m a r s h a l l i .  
He p o i n t e d  o u t  t h a t  some o f m e o t o m e d u s a e  had 

c e l l u l a r i a ,  T i a r o p s i s  

open t y p e  s t a t o c y s t s  ( M i t r o c o m e l l a j  w h i l e  o t h e r s  
( P h i a l i d i u m  and Aequorea) a r e  c losed.  Scyphozoans 
( i n c l u d i n g  A u r e l i a  a u r i t a )  have sensory c l u b s  
c a l l e d  r h o p ~ t ~ o l i t h s  a t  t h e i r  d i s t a l  
ends. Whi le  cons ide rab le  i n f o r m a t i o n  i s  w a i l -  
a b l e  concern ing the  morphology o f  t h e  v a r i o u s  
t ypes  o f  s t a t o c y s t s  i n  t h e  d i f f e r e n t  j e l l y f i s h  
medusae, o n l y  a few organisms have been s tud ied  
wi th  rega rd  t o  t h e  fo rma t ion  o f  t h e i r  s t a t o l i t h s  
and t h e  t ypes  o f  environmental f a c t o r s  which 
a f f e c t  t h e i r  development. T h i s  paper addresses 
t h e  fo rma t ion  o f  s t a t o l i t h s ,  t h e i r  chemical 
composi t ion,  and t h e  environmental f a c t o r s  which 
have been s t u d i e d  i n  A u r e l i a  which synthes ize 
t h e i r  s t a t o l i t h s  d u r i n g  ephyra formation. 
Chemical Compns!tion o f  t t s t o l i t h s  

Medusae o f  Hydrozoa and Scyphozoa form 
s t a t o c y s t s  c o n s i s t i n g  o f  s t a t o l i t h s  which a r e  
s i t u a t e d  a t  t h e  t i p  o f  r h o p a l i a  (Schyphozoa) o r  
a re  found i n  epidermal p i t s  (Hydrozoa) o r  
embedded i n  t h e  b e l l  margin. I n  some Cn ida r ia  
( T r a c h y l i n a ) ,  s t a t o l i t h s  a re  d e r i v e d  from g a s t r o -  
dermal c e l l s ,  whereas i n  o the rs  (Leptomedusae) 
they a r e  formed by epidermal c e l l s .  I n  A u r e l i a  
scyphomedusae, minute c a l c i f y i n g  v e s i c l e s  w i t h  
t i n y  s t a t o l i t h s  a re  found i n  c e l l s  i n  the  
epidermis,  whereas c e l l s  w i t h  l a r g e  f u l  ly - formed 
s t a t o l i t h s  c o l l e c t  i n  the  gast rodermis 
(Spangenberg, 1976).  

Hyman (1940) repo r ted  t h a t  t he  s t a t o l i t h s  o f  
the' Hydromedusae are composed o f  an o rgan ic  
m a t e r i a l  and ca l c ium carbonate w h i l e  t h e  
s t a t o l i t h s  o f  Semaeostomes and R h i z o s t o m ~ r  are 
composed o f  ca l c ium s u l f a t e  d i h y d r a t e  (gypsum) 
wi th a small admixture o f  ca l c ium phosphate. 
Spangenberg and Oeck (1968). us ing  X-ray d i  f f r a c -  
t i o n ,  X-ray spect rometry  and p o l a r i z i n g  micro- 
scopy, found t h a t  t he  s t a t o l i t h s  o f  l a b o r a t o r y -  
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grown medusae conta ined o n l y  c a l c i u m  s u l f a t e  
d i h y d r a t e  wi th  no t r a c e  of ca l c ium phosphates, 
carbonates, o r  oxalates.  More r e c e n t l y ,  us ing  
X-ray m ic roana lys i s ,  Chapman (1985) v e r i f i e d  t h a t  
another scyphozoan j e l l y f i s h ,  Chrysaora 
h sosce l l a ,  has s t a t o l i t h s  of ca l c ium s u l f a t e  

1 y r a t e  as do t h e  cubozoans, Ch i ro  salmus, 
which he examined us ing  X-ray microana -3-7 y s i s  
Chapman. f u r t h e r ,  s tud ied t h e  s t a t o l i t h s  o f  s i x  

k 
leptomedusan f a m i l i e s  (M i t rocome l la  brownei , 
P h i a l e l l a  uadrata, H e l g i c i r r h a  s c h u m u t i m a  - 
h a  & a n k h e s e  organisms 
have s t a t o m c o m p o s e d  o f  MgCaPOb, i n  which 

r a c i l i s ,  Phia i d i u m  hemis h a e r i m  

MgT i s  more abundant than CaT. A-trachymedusa, 
Aglantha d i  i t a l e  a l s o  had s t a t o l i t h s  o f  MgCaP04, 
b u t  t h e i r h u m  con ten t  was l e s s  abundant. 
These r e s u l t s  do n o t  support t h e  statement o f  
Hyman (1940) who repo r ted  t h a t  t h e  s t a t o l i t h s  o f  
leptomedusae a r e  composed o f  ca l c ium carbonate 
p l u s  o rgan ic  m a t t e r  o r  the r e p o r t  o f  S i n g l a  
(1975) t h a t  some leptomedusae have conc re t i ons  
which c o n t a i n  ca l c ium s u l f a t e .  S i n g l a  d id ,  
however , r e p o r t  t h a t  s t a t o l  i t h s  o f  Mitrocomel l a  , 
Ph ia l i d ium,  and Aequorea probably  c o n t a i n  ca l c ium 

More r e c e n t l y ,  Spangenberg examined t h e  
s t a t o l i t h s  o f  ephyrae from po lyps  o f  A u r e l i a  (F ig .  1) 
c o l l e c t e d  a t :  Wood's Hole, Massachusetts; 
Nor fo l k ,  V i r g i n i a ;  Delaware; and t h e  Thames, 
England, ( F i g u r e  2 )  u s i n g  energy d i s p e r s i v e  X-ray 
ana lys i s .  I n  a l l  o f  these cases, ca l c ium and 
s u l f u r  b u t  n o t  phosphorus were found i n  t h e  
s t a t o l i t h s .  Chapman (1985) r e p o r t e d  a small  peak 
o f  ohosohorus associated w i t h  t h e  s t a t o l i t h s  o f  

' phosphate. 

Aurel i a '  and Chr saora h soscel 1 a which .a1 so had 
h i g h a k s  o h * .  
Rhopalium and s t a t o l i t h  development 

The Cn ida r ian  i n v e s t i g a t e d  i n  most d e t a i l  i n  
recen t  t imes  with regard t o  rhopa l i um and 
s t a t o l i t h  fo rma t ion  i s  A u r e l i a  a u r i t a .  Dur ing  
s t r o b i  1 a t  i on, Aure l  i a  p o l y p s e g m e n t  j u s t  beneath 
t h e  o r a l  reg ion ,  g i v i n g  r i s e  t o  new segments 
approx imate ly  every 24 h u n t i l  most o f  t h e  
organism i s  segmented (F igu re  1). Spangenberg 
and Kuenning (1976) depic ted segment fo rma t ion  
and metamorphosis o f  t he  d i s t a l  segment o f  Texas 
AlJre l ia  u s i n g  scanning e l e c t r o n  microscopy (SEM). 
Although r h o p a l i a  develop a t  t h e  bases o f  t h e  
pr imary t e n t a c l e s  o f  the polyps, they a re  n o t  
m o d i f i e d  ten tac les ,  b u t  new s t r u c t u r e s .  The 
obse rva t i on  t h a t  m i n e r a l i z a t i o n  beg ins  a t  t h e  
base o f  a t e n t a c l e  ( t h e  upper p o r t i o n  o f  which 
u l t i m a t e l y  degenerates) was e a r l i e r  r e p o r t e d  by 
Bigelow (1910) i n  Cassio ea xamachana d u r i n g  
monodisk s t r o b i l a t d t h e  Texas Aure l i a ,  
t i n y  s t a t o l i t h s  were found a t  t h e  base o f  t he  
t e n t a c l e s  10 h a f t e r  the f i r s t  segment formed and 
approx imate ly  58 h a f t e r  t h e  organisms were 
induced t o  metamorphose a t  27'C w i t h  i od ine .  The 
s t a t o l i t h s  increase i n  number and s i z e  as the  
r h o p a l i a  develop so t h a t  t he  m a t m e  ephyrae 
c o n t a i n  u s u a l l y  e i g h t  r h o p a l i a  w i t h  8 t o  20 
s t a t o l  l t h s  per  rhopal ium (Higher  numbers have 
been subsequently found i n  the N o r f o l k  A u r p l i a ) .  
The s t a t o l i t h s  cont inue t o  increase i n  number and 
s i z e  as t h e  ephyrae grow i n t o  medusae, r e s u l t i n g  
i n  severa l  hundred s t a t o l  i t h s  per  rhopal ium i n  
t h e  a d u l t  medusae. That s t a t o l i t h  fo rma t ion  i s  

an i n  s i  tu-event-was demonstrated by Spangenberg 
( 1 9 m w h e n  t h e  arm p r i m o r d i a  were d i s s e c t e d  f rom - non- terminal  s t r o b i l a  segments and ma in ta ined  f o r  
48 h i n  a r t i f i c i a l  sea water  (ASW). S t a t o l i t h s  
formed i n  35.7% o f  t h e  ann p r imord ia .  Many o f  
t h e  p r imord ia ,  however, f a i l e d  t o  form, due t o  
t i s s u e  d e t e r i o r a t i o n .  
I n i t i a t i o n  o f  S t a t o l i t h  Format ion 

Spangenberg (1976) used t r a n s m i s s i o n  e l e c t r o n  
microscopy (TEM) t o  d e t e c t  m inu te  s t a t o l i t h  
"ghosts" which rep resen t  t h e  e a r l  l e s t  s igns  o f  
m i n e r a l i z a t i o n  i n  ephyrae. These s t a t o l i t h .  
"ghosts" a r e  m inu te  s t a t o l i t h s  demine ra l i zed  by 
t h e  f l x a t i v e s ,  g lu ta ra ldehyde  and osmium. The 
m inu te  s t a t o l i t h  "ghosts" a r e  found i n  c a l c i f y i n g  
v e s i c l e s  ( C V )  i n s i d e  c e l l s  which a r e  l o c a t e d  
p r i m a r i l y  i n  t h e  epidermis.  The CVs a r e  
membrane-bound and measure 1 t o  5 cm i n  l e n g t h  o r  
width.  Some of t h e  CVs c o n t a i n  o s m i o p h i l i c  
m a t e r i a l  and i n t e r n a l  membranous m a t e r i a l s  which 
a r e  o f t e n  c o n c e n t r i c .  Often, t h e  v e s i c l e s  a r e  
found near t h e  c e l l  n u c l e i  and a G o l g i  apparatus 
i s  found c l o s e l y  assoc ia ted  w i t h  them. 
p a r t i c u l a r  i n t e r e s t  i s  t h e  f a c t  t h a t  CVs a r e  a c i d  . 
phosphatase but n o t  a l k a l i n e  phosphatase 
pos i  t i  ve . 

The c e l l s  i n  which m i n e r a l i z a t i o n  begins 
through CV f o r m a t i o n  have an i r r e g u l a r l y  shaped 
nucleus. G o l g i  apparatus, m i tochondr ia ,  rough 
endoplasmic r e t i c u l u m  ( R E R ) ,  smooth endoplasmic 
r e t i c u l u m  (SER) , occasional  glycogen p a r t i c l e s ,  
and l i p i d  v e s i c l e s .  These c e l l s  a r e  o f t e n  
vacuolated, and, some o f  them, when s i t u a t e d  a t  
t h e  epidermal sur face,  reveal  f l a g e l l a e  which a r e  
surrounded by m i c r o v i l l i .  I n  a d d i t i o n ,  small ~ 

v e s i c l e s  resembl i n g  neurosec re to ry  v e s i c l e s  were 
seen i n  these  c a l c i f y i n g  c e l l s .  

S i n g l a  (1975) desc r ibed  t h e  m i n e r a l i z i n g  
c e l l s  o f  Aegina and Solmissus which a r e  
Narcomedusae. Most o f  t he  c o n c r e t i o n  m a t e r i a l  was 
l o s t  d u r i n g  f i x a t i o n  except f o r  membranous o r  
f i b r o u s  m a t e r i a l .  The c e l l  nuc leus  i s  t r i a n o u l a r  
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(Ae i n a )  o r  bean-shaped (Solmissus). The - 
c h s m  c o n t a i n s  a few m i tochondr ia ,  a Golg i  
complex and a number o f  small v e s i c l e s .  

A u r e l i a  form CVs which m i n e r a l i z e  t o  produce 
minute s t a t o l i t h s  i s  n o t  c o n s i s t e n t  w i th  t h e  
statement by Hyman (1940) t h a t  s t a t o l i t h s  o f  
scyphomedusae form i n  t h e  g a s t r o d e n i s .  However, 
s ince t h e  l a r g e  numbers o f  mature s t a t o l i t h s  o f  
t he  s t a t o c y s t  do occur  i n  t h e  gas t rode rm is  o f  t h e  
ephyrae, i t  i s  presumed t h a t  c e l l s  w i th  the  t i n y  
s t a t o l i t h s  a re  capable o f  m i g r a t i n g  i n t o  the  
gast rodermis where they  c o l l e c t  a t  t h e  t i p  o f  t h e  
rhopal ium and t h e i r  s t a t o l i t h s  grow. 
t h a t  t h e  s m a l l e s t  s t a t o l i t h s  a r e  u s u a l l y  found a t  
t he  prox imal  end o f  t he  s t a t o c y s t  suggests t h a t  
new s t a t o l i t h s  a re  added t o  t h e  s t a t o c y s t  i n  a 
regu la ted  manner by the  m i g r a t i o n  o f  c e l l s  w i t h  
t i n y  i n t r a c e l l u l a r  s t a t o l  i ths.  

mature i n t r a c e l l u l a r  s t a t o l i t h s  o f  ephyrae, found 
o n l y  i n  t h e  g a s t r o d e n i s  o f  t h e  s t a t o c y s t ,  a re  

The f i n d i n g  t h a t  c e l l s  i n  t h e  ep ide rm is  o f  

The f a c t  

S t a t o l i t h  Growth. Viewed w i t h  t h e  TEM, . -- 

.. - _.._ 
Figure  2. 
Fig. 2A - polyp;  F ig .  28 - e a r l y  s t r o b i l a ;  
F ig .  2C - ephyra. Bar = 0.25 nnn. (from Spangenberg, 
1981, reproduced w i t h  pe rm iss ion  o f  SEN, I n c . )  

Developmental stages o f  j e l l y f i s h :  4 
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S t a t o l i t h  Formation i n  Cn idar ia  

F igure  1. SEM of  s t a t o l i t h s  i n  statocysts a t  the  t i p s  o f  rhopa l ia  o f :  
A .  Texas; B. Puerto Rican Aure l ia ;  C. 
0. Lambert 's Aure l ia  from the Thames, England. Bar = 5 urn. 

Woods Hole Aure l ia ;  and 

--- -- - - -- . _ _ _ _ _  
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cons ide rab ly  l o n g e r  (20-50 I IM)  t han  those i n  t h e  
CVs o f  c e l l s  i n  the  epidermis. The mature 
s t a t o l i t h s  i n  the  l i t h o c y t e s  a re  sheath-bound and 
a re  conta ined w i t h i n  a l a r g e  i n t r a c e l l u l a r  
vacuole. A lso found i n  many of t h e  s t a t o l i t h -  
c o n t a i n i n g  c e l l s  are a Golg i  apparatus, 
mi tochondr ia ,  ribosomes, and RER. Only one 
mature s t a t o l i t h  i s  seen pe r  c e l l .  The f a c t  t h a t  
t h e  mature s t a t o l i t h s  a re  surrounded by  a l a r g e  
vacuole i n d i c a t e s  tha t ,  once m i n e r a l i z a t i o n  has 
been i n l t i a t e d ,  t he  CV may grow i n t o  vacuoles 
which may f a c i l i t a t e  s t a t o l i t h  growth. Indeed, 
the  f i b rous  m a t e r i a l  seen i n  d e c a l c i f i e d  mature 
s t a t o l i t h s  may represent  a r e s i d u a l  m a t r i x  
m a t e r i a l  o r i g i n a l l y  present  i n  t h e  CVs. Chapman 
(1985) b e l i e v e s  t h a t  t h e  vacuoles o f  t h e  
endodermal c e l l s  i n  t h e  scyphozoan rhopal ium may 
accumulate s u l f u r  by the  same pump-_as e x i s t s  a t  
the animal 's  surface...that i s ,  t r e a t i n g  t h e  
vacuole as e x t e r n a l  t o  the  c e l l .  I n  t h i s  case, 
MgS04 i s  t oo  so lub le  t o  form a p r e c i p i t a t e  b u t  
t he  h i g h l y  i n s o l u b l e  Cas04 would form a 
p r e c i p i t a t e  f r e e  o f  magnesium. 

H i s t o l o g i c a l  Studies. A h i s t o l o g l c a l  
comparison was made between normal ephyrae and 
those which were s t a t o l i t h - f r e e  f o l l o w i n g  
development i n  low s u l f a t e  ASW. Whole mounts o f  
ephyrae were t r e a t e d  w i th  t o l u i d i n e  b lue,  a l c i a n  
b lue,  and t h e  m o d i f i e d  Hale r e a c t i o n  f o r  
d e t e c t i o n  o f  a c i d  mucopolysaccharides; t h e  a c i d  
S c h i f f  r e a c t i o n  t o  d e t e c t  carbohydrates, and 
M a l l o r y ' s  a n i l i n e  b l u e  s t a i n  t o  uncover co l l agen  
(Spangenberg, 1968). Resu l t s  o f  these s tud ies  
i n d i c a t e d  t h e  presence o f  s u l f a t e d  a c i d  
mucopolysaccharides and o f  co l lagenous m a t e r i a l  
i n  the r h o p a l i a .  The s t a t o l i t h s  were surrounded 
by  a PAS-posi t ive m a t e r i a l  which was a l s o  
p o s i t i v e  f o r  c o l l a g e n  us ing  t h e  M a l l o r y ' s  a n i l i n e  
b l u e  technique. Spangenberg (1968) concl  uded 
t h a t  t he  presence o f  s u l f a t e d  a c i d  mucopoly- 
saccharides and o f  co l lagenous m a t e r i a l  a t  t h e  
s i t e  of s t a t o l i t h  format ion i m p l i e s  t h a t  these 
m a t e r i a l s  may be i nvo lved  i n  s t a t o l i t h  syn thes i s  
i n  Aure l i a .  

In h igher  organisms, Lyons (1955) r e l a t e d  the  
presence o f  PAS-posit ive m a t e r i a l  i n  the  pre- 
o t o l i t h i c  m a t e r i a l  o f  t he  mouse t o  o t o l i t h  
format ion i n  those animals. She b e l i e v e d  t h a t  
some o f  t h l s  m a t e r i a l  was mucopolysaccharide i n  
con ten t  and p o i n t e d  ou t  t ha t ,  i n  o t o l i t h  forma- 
t i o n ,  t h e  appearance and development o f  t h e  
mucopolysaccharide p a r a l l e l s  t h a t  o f  t he  ca lc ium 
s a l t .  According t o  Lyons, t h e  p i c t u r e  suggested 
t h a t  mucopolysaccharide was impor tan t  i n  c a l c i f i -  
ca t i on .  Belanger (1953) found t h a t  t h e  o t o l i t h i c  
membranes o f  t he  r a t  i nco rpo ra ted  S 3 5  which he 
b e l i e v e d  po ln ted  s t r o n g l y  t o  t h e  presence of 

' e f f e c t s  o f  s u l f a t e  d e f i c i e n c y ,  ca l c ium 
-- d e f i c i e n c y ,  and phosphate and s t r o n t i u m  a d d i t i o n  

t o  ASW on s t a t o l i t h  fo rma t ion  i n  developing 
ephyrae. 

S u l f a t e  Def ic iency.  A u r e l i a  po l yps  were 
induced t o  s t r o b i l a t e  i n  i o d i n e - c o n t a i n i n g  ASW t o  
t h e  f i r s t  segment s tage (app rox ima te l y  48 h )  and, 
a f t e r  r i n s i n g ,  were t r a n s f e r r e d  t o  su l  f a t e - f r e e  
ASW (Spangenberg, 1968). Ephyrae which developed 
i n  t h e  s u l f a t e - f r e e  ASW were p r a c t i c a l l y  s t a t o -  

men ta t i on  o f  t hese  s t r o b i l a e  deve lop ing  i n  
s u l f a t e - f r e e  ASW w i t h  2 m!l o f  sodium a c i d  
phosphate d i d  n o t  a l l e v i a t e  t h e  s t a t o l i t h  
d e f i c i e n c y  i n  ephyrae which developed from these 
s t r o b i l a e .  

o f  t he  ephyrae which had developed i n  s u l f a t e -  
f r e e  media and compared w i t h  ephyrae whlch had 
developed i n  s u l f a t e - c o n t a l n l n g  A5Y.  i lhnpal l~3 ? I  
t he  c u l f J t c - d e p r i v e d  cph j r sc  rhorrd  !mrs !n ten* .e  
s t a i n i n g  than c o n t r o l s  when c rea ted  wlth th- 
m o d i f i e d  Hale r e a c t i o n  a t  pH 1 .5 .  A lso .  rhopJ\iJ 
o f  s u l f a t e - d e p r i v e d  Pphyrae s t a l n c d  l e s s  
i n t e n s e l y  than c o n t r o l s  us inq  t o l u i d i n e  b l t r r .  
A l c i a n  b l u e  s t a i n i n g  f o r  a c i d  mucopolysaccharidvs 
a t  ptl 6.8 and 2.8 f a i l e d  t o  demonstrate a 
d i f f e r e n c e  between the s u l f a t e - d e f i c i e n t  and 
normal ephyrae. T h i s  research i n d i c a t e d  t h a t ,  i n  
a d d i t i o n  t o  a need f o r  s u l f a t e  t o  make calc ium 
sul f a t e  s t a t o l i  ths,  t he  organisms a1 so use 
s u l f a t e  t o  form s u l f a t e d  a c i d  mucopolysaccharides 
which may be r e q u i r e d  f o r  m i n e r a l i z a t i o n  t o  
occur. 

l a t e d  by phosphate supplementation o f  sul f a t c -  
dep r i ved  ephyrae. i t  was l a t e r  found t h a t  

l i t h  f r e e  (96.6% had no s t a t o l i t h s ) .  Supple- - 
' 

Histochemical  s t u d i e s  were made o f  rhopal!a 

Al though s t a t o l i t h  fo rma t ion  was n o t  st imu- 

-- 

I 

I 

s u l  fomycopolysaccharides i n  the o t o l i t h i c  membrane. 
He repo r ted  l a t e r  (Belanger, 1960) t h a t  the o tocon ia .  
conta ined b o t h  n e u t r a l  and s u l f a t e d  mucopoly- 
saccharides and t h a t  the hya lu ron idase - res l s tan t  
s u l f a t e d  mucopolysaccharide was d i f f e r e n t  from 
the  general i zed type of chrondro i  t i n  s u l f a t e .  
E f f w t s  o f  Environmental Factors  on S t a t o l i t h  
Synthes is  

se r ies  o f  experiments were done t o  determine the 
Podified A r t i f i c i a l  Sea Water Ing red ien ts .  A 

s t a t o l i t h  s y n t h e s i s  proceeded when a small amount 
o f  s u l f a t e  was p resen t  i n  t h e  phosphate 
supplemented sea water i n  which s t r o b i l a e  develop 
(Spangenberg, 1981). O f  p a r t i c u l a r  i n t e r e s t  was 
t L e  f i n d i n g  t h a t ,  whereas 5.6 mM concen t ra t i on  o f  
Na2S0, i n  ASW was requ i red  f o r  s i g n i f i c a n t  
s t a t o l i t h  syn thes i s ,  20 s t a t o l i i h s / r h o p a l i u m  
formed w i t h  o n l y  3.5 mM Na2S0, when supplemented 
wi th 0.72 mM NaH2P0,. 
was r e q u i r e d  f o r  normal s t a t o l  i t h  syn thes i s  when 
a h i g h e r  dosage o f  1.44 mM NaH,PO, was used. 
Phosphate, t h e r e f o r e ,  was found t o  be a powerful 
s t i m u l a n t  f o r  s t a t o l i t h  syn thes i s  promoting 
uptake o f  ca lc fum as w e l l  as s u l f u r  i n t o  c e l l s  
and/or CVs. Energy d i s p e r s i v e  X-ray a n a l y s i s  o f  
s t a t o l i t h s  o f  ephyrae supplemented w i t h  phos- 
phate, however, f a i l e d  t o  d e t e c t  phosphate i n  
these gypsum s t a t o l i t h s  (Spangenberg, 1979). 
Comparison o f  s t a t o l i t h  syn thes i s  o f  ephyrae from 
polyps g i ven  ASW w i t h  3.5 mM s u l f a t e  p lus  i o d i n e  
u n t i l  t h e  f i r s t  segment formed and then t r a n s -  
f e r r e d  t o  ASW wi th  0.72 mM phosphate u n t i l  ephyra 
format ion and those g iven phosphate t o  the  f i r s t  
segment stage and then t r a n s f e r r e d  t o  ASW 
c o n t a i n i n g  t h e  s u l f a t e ,  revea led  t h a t  s t a t o l i t h s  
d i d  no t  form i n  e i t h e r  case. These r e s u l t s  were 
i n t e r p r e t e d  t o  mean t h a t  n e i t h e r  s u l f a t e  no r  
phosphate i s  s to red  i n  the  organisms d u r i n g  e a r l y  
s t r o b i l a t i o n  f o r  l a t e r  use i n  s t a t o l i t h  
synthes is .  

Indeed, o n l y  0.7 mM Na2S0, 

TEM comparisons o f  r h o p a l i a  o f  ephyrae from 
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s u l f a t e - d e f i c i e n t  media and c o n t r o l s  i n d i c a t e d  
t h a t  t he  c a l c i f y i n g  v e s i c l e s  o f  t h e  r h o p a l i a  o f  
organisms from low s u l f a t e  ASW are norma1 i n  
number, a c i d  phosphatase a c t i v i t y ,  and i n  a b i l l t y  
t o  i n i t i a t e  m i n e r a l i z a t i o n  by forming minute 
s t a t o l i t h s .  

o f  r h o p a l i a  o f  s u l f a t e - d e f i c i e n t  ephyrae 
emphasized t h e  f a c t  t h a t  Calcium as w e l l  as 
s u l f a t e  i s  n o t  detected. That i s ,  c a l c i u n  i s  
apparent ly  n o t  accumulated and s tored i n  r h o p a l i a  
i n  the absence o f  su l fa te .  Th is  obse rva t i on  l e d  
t o  the  e x p l o r a t i o n  o f  the e f f e c t  o f  low ca lc ium 
ASW on s t a t o l i t h  synthesis. S t a t o l  i t h  synthes is  
proceeds no rma l l y  with as low as 3.4 mM Ca* I n  
the  ASW d u r i n g  s t r o b i l a t i o n  and ephyra format ion.  
Lower concen t ra t i ons  o f  ca lc ium i n  t h e  sea water, 
however, causes the  format ion o f  excess ive 
numbers o f  small s t a t o l i t h s  t o  form i n  t h e  
rhopa l i a .  Indeed, t h e  average number o f  
s t a t o l i t h s  p e r  rhopalium o f  ephyrae which hpd 
developed i n  ASW con ta in ing  o n l y  0.7 mM CaZ was 
46.1, n e a r l y  double the  c o n t r o l  number o f  24.3. . 
Supplementation of the  ASW Con ta in ing  1.4 mM Ca* 
w i t h  0.72 mM sodium ac id  phosphate l e d  t o  a 
s t a t i s t i c a l l y  s i g n i f i c a n t l y  h i g h e r  number o f  
s t a t o l i t h s  i n  t h e  ephyra r h o p a l i a  as compared t o  
those n o t  r e c e i v i n g  phoiphate. Organisms which 
developed i n  0.7 mM Caz made ve ry  h i g h  numbers 
o f  s t a t o l  i t h s  (51-62/rhopal ium) w i t h  o r  w f  t hou t  
t he  phosphate. 
which developed i n  s t ron t i um supplemented 
(0.75 mM) low CazC ASW, made s i g n i f l c a n  \ y  h i g h e r  

c o n t a i n i n g  ASW, but n o t  i n  the  1.4 mM Ca* 
c o n t a i n i n g  ASW. Formation o f  h i g h  numbers o f  
s t a t o l i t h s  i n  these organisms suggested t h a t  
e l  t h e r  more c a l c i f y i n g  v e s i c l e s  a re  synthesized 
o r  more c a l c i f y i n g  v e s i c l e s  are m i n e r a l i z e d  than 
i n  c o n t r o l  organisms (Spangenberg, 1979). 

The a b i l i  t y  o f  rhopal f a  t o  synthes ize abnor- 
m a l l y  h i g h  numbers o f  S t a t o l i t h s  i n  organisms 
which have severe morphological abnorma l i t i es  due 
t o  ca lc ium d e f i c i e n c y  emphasizes t h a t  ca l c ium 
uptake and/or concen t ra t i on  mechanisms a re  
d i f f e r e n t  i n  r h o p a l i a  than i n  t h e  r e s t  o f  t he  
organlsm and i t  a l so  i n d i c a t e s  t h a t  r h o p a l i a  do 
not  serve as ca lc ium storage s i t e s  from which 
stor.4 c3lci?rm i s  d i s t r l b u t c d  thrcughout the  
organism t o  prevent  c a l c i u n  d e f i c i e n c y  e f f e c t s  
from occurr tng.  
study wds the  f i nd ing ,  through the  use o f  the 
energy X-ray d i s p e r s i v e  ana lys i s ,  t h a t  
environmental s t ron t i um i s  i nco rpo ra ted  i n t o  t h e  
s t a t o l i t h s ,  whereas phosphate i s  not. Both 
substances enhanced s t a t o l i  t h  numbers I n  l o w  
calcium-develop ephyrae b u t  d i d  not  a l l e v i a t e  low 
calcium-induced developmental abnorma l i t i es .  

w i t h  10 -5Mthy rox ine  were X - i r r a d i a t e d  w i t h  50, 
100, 150 and 200 G r  o f  X - i r r a d i a t i o n .  I t  was 
found t h a t  t h e  lowest dosage test'ed o f  50 G r  
s i g n i f i c a n t l y  reduced s t a t o l i t h  numbers i n  
ephyrae developing frm the r a d i a t e d  polyps, and, 
indeed, h ighe r  dosages of X - i r r a d i a t i o n  e l im ina -  
ted s t a t o l  i t h  formation e n t i r e l y  and caused 
reduced numbers of r h o p a l i a  t o  form (Prokopchak, 
e t  al . ,  1985). The lack o f  s t a t o l i t h s  i n  the 

The energy d i s p e r s i v e  X-ray a n a l y s i s  s tud ies  

On the  o the r  hand, organisms 

numbers o f  s t a t o l i t h s  i n  t h e  0.7 mH Ca & 

O f  p a r t i c u l a r  t n t e r e s t  i n  t h i s  

X - i r r a d i a t i o n .  Polyps induced t o  s t r o b i l a t e  

ephyrae from s t r o b i l a e  which developed a f t e r  
exposure t o  150 and 200 G r  o f  X-rays may have 
been the  r e s u l t  o f  damage t o  p recu rso r  c e l l s  O f  
l i t h o c y t e s  by  t h e  X - i r r a d i a t i o n .  

a l s o  s tud ied  i n  ephyrae which had developed w h i l e  
r o t a t i n g  on a c l i n o s t a t .  
were induced t o  s t r o b i l a t e  u s i n g  i o d i n e  i n  ASH 
w h i l e  impaled on a cac tus  sp ine t o  m a i n t a i n  them 
i n  a f i x e d  p o s i t i o n  d u r i n g  r o t a t i o n .  I t  was 
found t h a t  ephyrae which had developed d u r i n g  
r o t a t i o n  a t  1/2 and 1/4 rpm had s t a t i s t i c a l l y  
s i g n i f i c a n t l y  fewer s t a t o l i t h s  than  ephyrae 
exposed t o  r o t a t i o n  a t  1/15, 1/8, 1, and 24 rpn. 
It was suggested t h a t  t h e  deve lop ing  ephyrae were 
d i s o r i e n t e d  w i t h  respec t  t o  g r a v i t y  a t  speeds o f  
1/2 and 1/4 rpm, causing fewer l i t h o c y t e s  t o  - 
d i f f e r e n t i a t e  o r  t o  m i n e r a l i z e  (Spangenberg e t  
a1 ., 1985). 

Chemical P o l l u t a n t  E f f e c t s  on S t a t o l i t h  
S n t  es i s .  Dur ing  a s tudy t o  determine t h e  

components on j e l l y f i s h  development, s t a t o l i t h  
syn thes i s  was evaluated i n  ephyrae which had 
developed i n  t h e  presence o f  these p o l l u t a n t s  
(Spangenberg. 1981). ~ 

C l i n o s t a t  Ro ta t i on .  S t a t o l i t h  s y n t h e s i s  was 

The "parent"  po l yps  

P- mpact o f  pe t ro leum o i l  and some o f  i t s  

- 

S t a t o l  i t h  
Compound Dosage S ize  

KPO 0.2% S 
A n i l i n e  0.9 mM N 
(24 h r  t r a n s f e r )  
Anthracene 2.0 mM s 
Benzanthracene 2.0 mM S 
Beczene 4.0 mM S 
Benzo(a)pyrene 0.2 mH S 
Bephinyl 0.02 mH s 
Cresol 0.3 mH S 
Naphthalene 0.7 mH N 
Pery l  ene 2.0 mn N 
Phenol 0.5 mH S 
Pyrene 2.0 mY S 
To1 uene 1.0 mH N 

N Cont ro l  --- 

S t a t o l  i t h  
Numbers 

R 
N 

N 
N 
N 
N 
R 
N 
N 
N 
R 
R 
N 
N 

Table 1. E f f e c t s  o f  Alaskan Crude Petroleum O i l  
(ACPO) and Hydrocarbons on S t a t o l i t h  Synthes is  

R = reduced S = m a l l  N = normal 

Table 1 r e v e a l s  t h a t  ACPO and many o f  t h e  
hydrocarbons t e s t e d  (anthracene, benzanthracene, 
benzene, benzo( a)pyrene, b ipheny l  , c r e s o l  , 
phenol, and pyrene) caused t h e  fo rma t ion  o f  
sma l le r  s t a t o l i t h s  than c o n t r o l s .  I n  a d d i t i o n ,  
b ipheny l ,  phenol, pyrene, and ACPO caused a 
s i g n i f i c a n t  r e d u c t i o n  i n  s t a t o l i t h  number. 
Naphthalene, pery lene,  and to luehe  d i d  n o t  a f f e c t  
s t a t o l i t h  s i z e  o r  number. The reduced s i z e  and . 
numbers o f  s t a t o l i t h s  i n  a f f e c t e d  organisms 
p robab ly  represented i n t e r f e r e n c e  w i t h  t h e  uptake 
and/or c o n c e n t r a t i o n  o f  ca l c ium and s u l f a t e  a t  
t h e  c e l l u l a r  l e v e l .  Petroleum and hydrocarbons 
have a l s o  been repo r ted  t o  a f f e c t  s k e l e t a l  
f o rma t ion  i n  f i s h  and sea u r c h i n s  (S t ruhsaker  e t  
a1 ., 1974; Mironov, 1967; OcAngells and Giordano. 
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1974; Lonning and Hagstrom, 1975). " S t a t o l i t h s  
cou ld  serve as s e n s i t i v e  i n d i c a t o r s  which d e t e c t  
environmental p o l l u t a n t s  which are  d e l e t e r i o u s  t o  
o t h e r  m i n e r a l i z i n g  b i o l o g i c a l  systems. 

E f f e c t  o f  Cadmium on A u r e l i a  S t a t o l i t h s  

S t a t o l i t h  Synthesis. 
e f f e c t s  o f  pet ro leum o i l  and r e l a t e d  hydrocarbons 
revealed t h a t  s t a t o l i t h  syn thes is  was vu lnerab le  
t o  petroleum o i l  and some o f  t h e  hydrocarbons 
found i n  the pet ro leum o i l .  I n  a d d i t i o n ,  
petroleum o i l  c o n t a i n s  var ious  t r a c e  meta ls  which 
cou ld  a l s o  impact on s t a t o l i t h  synthes is .  One o f  
these i s  cadmium. P r e l i m i n a r y  t e s t i n g  w i t h  a 
dosage range o f  cadmium admin is tered t o  po lyps  a t  
the  t ime o f  s t r o b i l a t i o n  i n d u c t i o n  revealed t h a t  
4 UH and 5 ut4 concent ra t ions  caused severe 
abnormal i t ies  i n  developing ephyrae r e s u l t i n g  i n  
ephyrae with shortened o r  no arms. M o r t a l i t y  
r a t e  i n  t h e  5 UM t r e a t e d  ephyrae was e s p e c t a l l y  
high. Emphasis was placed, t h e r e f o r e ,  on t h e  
e f f e c t s  o f  1 t o  4 pM o f  cadmium on s t a t o l i t h  . 

synthes is .  Four t e s t s  were done exposing 10 
polyps per  t reatment  t o  0 , 1 , 2 , 3 ,  and 4 uM cadmium 
c h l o r i d e  which was added t o  ASW c o n t a i n i n g  1 x 
lO-5M i od ine .  The t e s t s  were done a t  3OOC. Ten 
ephyrae c o l l e c t e d  from each dosage o f  each t e s t  
were randomly se lec ted  and s t u d i e d  mic roscop ic -  
a l l y .  S t a t o l i t h  numbers per rhopal ium were 
counted and compared with u n t r e a t e d  c o n t r o l  
ephyrae. The average number o f  s t a t o l i t h s  made 
per  rhopal ium per  t e s t  group o f  ephyrae was 
determined. An a n a l y s i s  of var iance was done on 
each s e r i e s  o f  t e s t s  t o  e s t a b l i s h  whether t h e  
mean o f  v a r i o u s  t reatments was s i g n i f i c a n t l y  
d i f f e r e n t  from o thers  o f  t h e  same t e s t  sequence. 
I n  a l l  t e s t  s e r i e s ,  h i g h l y  s i g n i f i c a n t  
d i f fe rences  were determined between t h e  groups a t  
the  p (0.01 l e v e l .  

An examinat ion o f  t h e  

Table 2. E f f e c t  o f  Cadmium on S t a t o l i t h  
Formation i n  Developing Ephrae 

Duncan's New M u l t i p l e  Range Test* 

Contro l  1 UM Cd2' 2 fl Cd2+ 3 IIM Cd2+ 4 d l  Cd2+ 

( n ~ 5 0 )  (n150) (n=40) ( ~ 4 1 )  ( ~ 2 4 )  

18.07 17.47 7.92 3.84 3.29 

Values underscored are not s i g n i f i c a n t l y  
d i f f e r e n t .  p = 0.05. 

*Mean number o f  s t a t o l i t h s  per  rhopal  lum 
+ 

Table 2 shows t h a t  s t a t o l i t h  numbers were 
severe ly  rpduced i n  ephyrae t h a t  had developed i n  
2 UM cadmiilm and the  organisms made s i g n i f i c a n t l y  
fewer s t a t o l  t t h s  ( l ess  than one-ha1 f )  than those 
ephyrae which had developed i n  1 fl cadmium- 
c o n t a i n i n g  ASW o r  i n  non- t reated c o n t r o l s .  Three 
and 4 Jj o f  cadmium caused even g r e a t e r  reduc- 
t i o n s  o f  s t a t o l i t h  numbers i n  ephyrae which had 
developed i n  them. 

Deminera l i za t ion .  The e f f e c t s  o f  cadmium on 
-- d e m i n e r a l i z a t i o n  of s t a t o l i t h s  i n  ephyrae n o t  f ed  

f o r  8 days a f t e r  t h e i r  re lease from the  s t r o b i l a e  
were determined. These ephyrae were t r e a t e d  w i t h  
3 uM o f  cadmium i n  ASW and main ta ined w i t h  
u n t r e a t e d  c o n t r o l  ephyrae a t  30°C. Base1 i ne num- 
bers  o f  S t a t o l i t h s  r e p r e s e n t a t i v e  o f  the  group o f  
ephyrae used f o r  these experiments were d e t e r -  
mined by c o u n t i n g  t h e  number o f  s t a t o l i t h s  i n  t e n  
o f  these ephyrae a t  the  beg inn ing  o f  the  t e s t  
per iod .  An average o f  28.7 s t a t o l i t h s  per  rho-  
pa l ium was found Subsequently, s t a t o l i t h  numbers 
were counted i n  ten  ephyrae from t h e  t r e a t e d  and 
c o n t r o l s  on days 4 and 8 o f  t h e  experiment. 
Another group o f  ephyrae were g iven 3x and 5x t h e  
amount o f  Ca found i n  ASW ( 7 . 5  uM) i n  the  
presence and absence o f  cadmium. S t a t i s t i c a l  
analyses o f  t h e  s t a t o l i t h  numbers found was done 
as descr ibed f o r  t h e  s t a t o l i t h  s y n t h e s i s  s t u d i e s .  
Table 3 r e v e a l s  t h a t  cadmium i n  low dosage 
acce le ra ted  minera l  l o s s  from non-fed ephyrae 
w i t h i n  8 days o f  t h e i r  fo rmat ion  from s t r o b i l a e .  

On day 4 o f  t h e  experiment, cadmium-treated 
ephyrae had s i g n i f i c a n t l y  fewer s t a t o l i t h s  than 
ephyrae i n  t h e  o t h e r  groups and cadmium-treated 
ephyrae supplemented with 3x and 5x ca lc ium i n  
A S W  made s i g n i f i c a n t l y  more s t a t o l i t h s  than those 
g iven cadmium alone. By t h e  e i g h t h  day, however, 
s t a t o l  I t h  numbers were cons iderab ly  reduced i n  
a l l  groups, w i t h  t h e  cadmium-treated organisms 
showing t h e  lowest  s t a t o l i t h  numbers. I n  these 
organisms, t h e  5x calcium-supplemented-cadmium- 
t r e a t e d  organisms had s i g n i f i c a n t l y  m r e  s t a t o -  
l i t h s  than t h e  cadmium t r e a t e d  organisms b u t  
those g i v e n  3x calcium-treated-ASW d i d  not d i f f e r  
s i g n i f i c a n t l y  from those g iven cadmium alone. O f  
g r e a t e s t  impor tance i s  the  f a c t  t h a t  cadmium a c t s  
d i r e c t l y  i n  t h i s  s imple system t o  cause an 
inc reased r e d u c t i o n  of s t a t o l i t h  numbers and 
presumably an acce le ra ted  r a t e  o f  ca lc ium l o s s  i n  
the  unfed ephyrae. 

. 

. 

T a b l e  3. E f f e c t  o f  Cadmlum on S t a t o l i t h  
D e m i n e r a l i z a t i o n  i n  Unfed Ephyrde 

Ouncan'r New M u l t i p l e  Ranae Test. 

Day 4 a f t e r  Release fran S t r o b i l a  (n - 30) 

3 UH Cd" 3 YH Cd" 3 X Ca" ASU 5 X CaZ* 3 UM Caz' 
4 3 x Ca'* t 5 x caz'  

10.9 12.9 14.3 16.3 17.3 18. I 

Day 8 A f t e r  Release f r a  Stroblla 

3 uH Cd2' 3 uH Cd'* 3 PH Cd" 3 i; 5 :, ASU 
+ 3 x ca" + 5 x c a 2 +  ca  ca  

0.43 0.71 2.29 2.3 2 . 8  3 .O 

Valuer  Underscored a r e  not s t g n i f i c a n t l y  d l f f e r e n t .  p = 0.05 

*Mean number of  s t a t o l l t h s  p e r  rhopallurn. 
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Discuss ion 
-- Cadmium i n  low dosages decreased t h e  number 

o f  s t a t o l i t h s  formed i n  ephyrae and acce le ra ted  
m ine ra l  l o s s  from non-fed ephyrae wi th in 8 days 
o f  t h e i r  f o rma t ion  from s t r o b i l a e .  S t a t o l i t h  
s ize,  however, i n  these ephyrae which had 
developed i n  t h e  presence o f  cadmium was n o t  
reduced. 
d e m i n e r a l i z a t i o n  o f  the ephyra s t a t o l i t h s  was 
a l l e v i a t e d  s i g n i f i c a n t l y  by ca l c ium supplementa- 
t i o n  o f  t h e  sea water  a t  5x t h e  l e v e l s  o f  t he  
ASW. These f i n d i n g s  i n d i c a t e  t h a t  cadmium may be 
a f f e c t i n g  c a l c i u m  uptake i n t o  ephyrae d u r i n g  
t h e i r  developmental stages o r  causing an 
acce le ra ted  loss o f  ca lc ium d u r i n g  s t a t o l i t h  
format ion.  The d e m i n e r a l i z a t i o n  r e s u l t s ,  i n  
fac t ,  i n d i c a t e  t h a t  t he  cadmium a c t s  d i r e c t l y  i n  
t h i s  s imple system t o  cause an acce le ra ted  r a t e  
o f  ca l c ium l o s s  i n  the unfed ephyrae. 

Cadmium t o x i c i t y  has been associated w i t h  
m i n e r a l i z a t i o n  e f f e c t s  i n  o t h e r  organisms. 
Bengtsson e t  a1 . (1975) repo r ted  a h i g h  i nc idence  
o f  v e r t e b r a l  f r a c t u r e s  i n  minnows exposed t o  
sub le tha l  concen t ra t i ons  o f  cadmium i n  b r a c k i s h  
water. He suggested t h a t  cadmium may be causing 
a demineral i t a t i o n  o f  t he  skeleton,  as repo r ted  
f o r  human v i c t i m s  o f  the I t a i - I t a i  d isease caused 
by cadmium t o x i c i t y .  I n  f lounders,  Larsson and 
P i s c a t o r  (1971) found reduced l e v e l s  o f  potas- 
sium, ca lc ium, magnesium, and i n o r g a n i c  phosphate 
f o l l o w i n g  t rea tmen t  w i t h  sub le tha l  l e v e l s  o f  
cadmium (0.005-0.500 mg/ l ) .  Webb (1979), i n  an 
ex tens i ve  rev iew  o f  t he  i n t e r a c t i o n s  o f  cadmium 
w i t h  c e l l u l a r  components, suggested that i n t e r -  
a c t i o n s  between cadmium and ca l c ium a t  t h e  
c e l l u l a r  l e v e l  cou ld  l ead  t o  displacement o f  
ca l c ium f rom i t s  a c t i o n  s i t e s  and a decreased 
uptake o f  calcium. Scharpf e t  a l .  (1972) demon- 
s t r a t e d  a dose-dependent de lay i n  f e t a l  s k e l e t a l  
c a l c i f i c a t i o n  i n  pregnant r a t s  due t o  cadmium 
t reatment .  Larsson and P f s c a t o r  (1971) consider  
t h a t  osteomalacia does n o t  r e s u l t  f rom a d i r e c t  
a c t i o n  o f  cadmium on bone, b u t  i s  secondary t o  
rena l  t u b u l a r  dys func t i on  and t h e  f a i l u r e  t o  
reabsorb c a l c i u m  and phosphorus. D i e t a r y  
d e f i c i e n c i e s  o f  p r o t e i n  and ca l c ium have been 
shown t o  aggravate the s k e l e t a l  changes due t o  
c h r o n i c  cadmium poisoning i n  experimental animals 
and t o  cause abnormal cu rva tu re  o f  t h e  sp ina l  
column. 

and Kawai and Kimura (1975) a l s o  concluded t h a t  

i n d i r e c t l y  through a f u n c t i o n a l  change i n  the kidney. 
Thus, i n  r a t s ,  on a ca l c ium and Vi tamin D d e f i c i e n t  
d i e t ,  t he  l a t t e r  authors found cadmium t o  cause a 
dose-dependent i n h i b i t i o n  o f  t he  format ion o f  
metaphyseal t rabeculae i n  t h e  t i b i a e  and t o  
reduce the  epiphyseal c a r t i l a g e .  A t  a h i g h  l e v e l  
o f  cadmium i n  the d i e t ,  most o f  t h e  metaphyseal 
t rabecu lae  had disappeared after:3 weeks and the  
epiphyseal c a r t i l a g e  was abnormally narrow. 
although, a t  t h a t  t ime the re  was no h i s t o l o g t c a l  
evidence o f  k idney damage. 
cadmium accumulated the cadmium i n  os teob las ts  
(Bawden and Iiamnarstrun, 1975). A h i g h  concen- 
t r a t i o n  o f  cadmium i n  these c e l l s  m u l d  i n t e r f e r e  

Fu r the r ,  t he  cadmi um-accel e r a t e d  

Yosh ik i  e t  a l .  (1975), Kimura and Otak i  (1975) 

. cadmium a c t s  d i r e c t l y  on bone, r a t h e r  than 

. 
Young r a t s  i n j e c t e d  'U;'L 

w i t 9  t h e  metabolism o f  i r o n ,  Zn2+, Mn2+, and 
Cu2 , a l l  o f  which a r e  necessary f o r  bone 
format ion.  

I n  an e a r l i e r  study, i t  was found i n  o u r  
l a b o r a t o r y  t h a t  t h y r o x i n e  ( 2  x 10-SM) a l s o  
acce le ra tes  t h e  r a t e  o f  d e m i n e r a l i z a t i o n  i n  unfed 
ephyrae over  an 8 day pe r iod .  
compared w i t h  t h e  os teoporos i s  caused by  t h y r o -  
t o x i c o s i s  i n  humans and r a t s  (Spangenberg, 1984). 

T h i s  e f f e c t  was 

Conclusions 

The C n i d a r i a  a r e  composed o f  numerous 
o rgan i  sms w i th  s t a t o l  i t h s  o f  e i t h e r  ca l c ium 
s u l f a t e  d ihyd ra te ,  ca l c ium carbonate, o r  
magnesium c a l c i u m  phosphate. The Aure l i a ,  which 
have s t a t o c y s t s  on t h e  ends o f  f r e m i n g  
rhopa l i a ,  a r e  e s p e c i a l l y  s u i t e d  f o r  s t a t o l i t h  
research. These organisms a re  e a s i l y  reared i n  
t h e  l a b o r a t o r y  i n  t h e  po lyp  stage, and, when 
induced t o  metamorphose with iod ine ,  r o u t i n e l y  
form s t a t o l i t h s  as they  develop i n t o  the  ephyra 
stage. 
m i c r o s c o p i c a l l y  i n  the  l i v i n g  organism and t h e  
s i z e  and number o f  s t a t o l i t h s  can be r e a d i l y  
counted and recorded. 

o f  ca l c ium s u l f a t e  d i h y d r a t e  s t a t o l i t h s  i n  
A u r e l i a  and t h e  fo rma t ion  o f  ca l c ium carbonate 
m t h s  o r  ca l c ium phosphate-containing bones 
and t e e t h  o f  h i g h e r  organisms, a l l  o f  these 
m i n e r a l i z i n g  systems have impor tan t  f ea tu res  i n  
common. Calcium uptake and c o n c e n t r a t i o n  i s  
e s s e n t i a l  t o  most m i n e r a l i z i n g  systems and c e l l s  
capable o f  m i n e r a l i z a t i o n  must be formed and 
mainta ined by  these organisms. Many m i n e r a l i z i n g  
systems u t i l i z e  v e s i c l e s  such as t h e  c a l c i f y i n g  
v e s i c l e s  which a r e  synthesized by j e l l y f i s h  c e l l s  
and a r e  r e t a i n e d  i n t r a c e l l u l a r l y  as t h e  c e l l  s 
m i n e r a l i z e .  I n  h i g h e r  organisms, m a t r i x  v e s i c l e s  
a re  synthes ized by c e l l s  and ex t ruded  i n t o  an 
i n t r a c e l l u l a r  m a t r i x  where they  c o n t r i b u t e  t o  t h e  
i n i t i a t i o n  o f  m i n e r a l i z a t i o n  (Anderson, 1984; 
Ascenzi e t  a1 . , 1982). S u l f a t e d  mucopolysac- 
cha r ides  and co l lagenous m a t e r i a l s  which a r e  
found i n  t h e  r h o p a l i a  o f  t he  j e l l y f i s h  a re  needed 
f o r  m i n e r a l i z a t i o n  i n  h i g h e r  organisms. S ta to -  
l i t h  fo rma t ion  i s  impai red by chemicals, such as 
hydrocarbons and cadmicm, which a l s o  i n t e r f e r e  
wi th bone fo rma t ion  and t e s t s  o f  sea urch ins. -  
Demine ra l i za t i on  o f  A u r e l i a  s t a t o l i t h s  i s  
acce le ra ted  b y  cadmium and thy rox ine ,  agents 
which r e p o r t e d l y  cause d e m i n e r a l i z a t i o n  o f  bone 
i n  h ighe r  organisms. No doubt con t inued  use o f  
s impler ,  lower  organisms f o r  i n v e s t i g a t i o n  i n t o  
mechanisms o f  m i n e r a l i z a t i o n  and environmental 
f a c t o r s  which impact upon them w i l l  reveal  more 
s i m i l a r i t i e s  between these organisms and h ighe r  
organisms, and w i l l  l ead  t o  an improved under- 
s tanding o f  m i n e r a l i z a t i o n  mecha3isms i n  b o t h  
groups o f  organisms. 

The s t a t o l i t h s  a re  e a s i l y  de tec ted  

I n  s p i t e  o f  d i f f e r e n c e s  between t h e  format ion 
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' t o  hydrocarbons and t o  pet ro leum o i l  cou ld  be 
used as an i n d i c a t o r  o f  c a l c i f i c a t i o n  e f f e c t s  (1975) Bone and k idney l e s i o n  _ _  

D i  scussion wi th Reviewers 

R.S. Blanquet: What was t h e  purpose o r  o b j e c t i v e  
o f  s tudy ing  r o t a t i o n  on s t a t o l i t h  fo rma t ion  s ince 
t h i s  i s  n o t  no rma l l y  experienced by  polyps? How 
were t h e  po lyps  o r i e n t e d  t o  t h e  p lane o f  r o t a -  
t i o n ?  Why does t h e  author  suggest " d i s o r i e n t a -  
t i o n  a t  1 / 2  and 1/4 rpn  b u t  n o t  a t  h ighe r  rpm?" 
Author: 
r o t a t i n g  on a c l i n o s t a t  t o  de tenn lne  whether 
simulated weight lessness cou ld  mod i f y  development 
o f  ephyrae o r  t h e i r  g r a v i c e p t o r  s t r u c t u r e s  
( rhopal  i a )  . Uhi l e  polyps do n o t  experience 
weightlessness on earth, t h e y  a r e  being used f o r  
a study o f  e f f e c t s  of weightlessness, caused by 
m i c r o g r a v i t y  i n  o u t e r  space, on  t h e i r  development 
and on t h e i r  g r a v i c e p t o r  s t ruc tu res .  The c l i n o -  

- s t a t  i s  used t o  s imulate weight lessness and t h e  
polyps were o r i e n t e d  i n  t h e  h o r i z o n t a l  p lane on 
t h e  c l i n o s t a t  w h i l e  r o t a t i n g  h o r i z o n t a l l y  and i n  
the v e r t i c a l  p lane  w h i l e  o r i e n t e d  mouth dom- 
wards. (see Spangenberg, e t  a l ,  1985). We 
suggested " d i s o r i e n t a t i o n  a t  1/2 and 1/4 rpd' 
( b u t  no t  a t  o t h e r  speeds t e s t e d )  because a 
b i o l o g i c a l  e f f e c t  occurred a t  these speeds dur ing 
h o r i z o n t a l  r o t a t i o n  b u t  no t  d u r i n g  v e r t i c a l  
r o t a t i o n .  B i o l o g i c a l  e f f e c t s  i n  o t h e r  organisms 
f r e q u e n t l y  occur  a t  some speeds but n o t  others. 
Indeed, t h e  speeds a t  which e f f e c t s  a r e  found 
p rov ide  c l u e s  as t o  t h e  mechanisms invo lved  (i.e. 
t h e  r a t e  o f  f a l l i n g  o f  r h o p a l i a  may be mod i f i ed  
t o  a g r e a t e r  degree by some speeds b u t  n o t  o thers 
o r  t he  sensory c i l i a  may be more s t imu la ted  by 
r o t a t i o n  o f  t h e  anlmal a t  some speeds t h a n  o the r  
speeds.) The f a c t  t h a t  a b i o l o g i c a l  e f f e c t  
occurred a t  any speed i n d i c a t e s  t h a t  t h e  
synthes is  o f  s t a t o l i t h s  ma be s e n s i t i v e  t o  

i n  space. 

R.S. B lan ue t :  What concen t ra t i on  o f  hydrocarbon 
h f f e c t i v e  on s t a t o l i t h  m o d i f i c a t i o n s  
and are these concen t ra t i ons  t h a t  would occur 
n a t u r a l l y  a f t e r  petroleum o i l  s p i l l s  o r  
contamination? 
Author: 
hydrocarbons was from 0.02 mM t o  4.0 mM and f o r  
the Alaskan crude petroleum o i l  t h e  range was 
0.1-0.3%. These chemicals were added t o  t h e  
a r t i f i c i a l  sea water a t  t h e  beginning o f  t he  
expertment and were n o t  rep laced d u r i n g  t h e  5-6 
day t e s t i n g  per iod.  
be h fghe r  than  those found a t  t h e  s i t e  o f  a 
pet ro leum o i l  s p i l l ,  b u t  t h e  pet ro leum o i l  con- 
t a i n s  thousands o f  Components. Dur ing  an o i l  
s p i l l ,  t h e  e f f e c t s  o f  these components depend 
upon t h e  d i s t a n c e  the  organisms a re  from t h e  
s p i l l  and the l e n g t h  o f  t ime  t h a t  t h e  o i l  I s  
con t inuous ly  pou r ing  i n t o  t h e  ocean, as w e l l  as 
the  developmental stages of t h e  organisms ex- 
posed. 

Polyps were induced t o  s t r o b i l a t e  w h i l e  

m i c r o g r a v i t y  and should T? e s t u d i e d  i n  more d e t a i l  

The concen t ra t i on  range f o r  t h e  

The hydrocarbon dosages may 

I b e l i e v e  t h a t  the s t a t o l i t h  s e n s i t i v i t y  

which occur  i n  o t h e r  marine organisms, because 
damage t o  s t a t o l i t h s  would most l i k e l y  occur  
e a r l  i e r  t h a n  damage t o  she1 1 s o f  mo l l usks  or 
bones o f  f i shes .  T h i s  theory,  o f  course, should 
b e  t e s t e d  by s tudy ing  j e l l y f i s h  i n  n a t u r e  d u r i n g  
an o i l  s p i l l  o r  by b r i n g i n g  o i l - con tamina ted  sea 
wa te r  i n t o  t h e  l a b o r a t o r y  and t e s t i n g  i t  on t h e  
met amorp hos i ng  j e l  1 y f i sh . 
R.J. K i n  s l e  : Is it p o s s i b l e  t h a t  t h e  -7-H s t a t o  i t  s o t h e  gast rodermis a r e  n o t  d e r i v e d  
from s t a t o l i t h s  formed i n  t h e  epidermis,  i.e.. 
each s i t e  suppor ts  independent development o f  
these s t r u c t u r e s ?  Has m i g r a t i o n  o f  s t a t o l i t h s  
been observed? Do you have a proposed r o u t e  o f  
m i g r a t i o n  and have in te rmed ia te  s i z e d  s t a t o l i t h s  
been found between t h e  ep ide rm is  and gast rodermis 
a long t h i s  rou te?  
Author: I n  my paper, I s t a t e  t h a t  " t h e  fac t  t h a t  
t h e a l l e s t  s t a t o l i t h s  a re  u s u a l l y  found a t  t h e  
prox imal  end o f  t h e  s t a t o c y s t  suggests t h a t  new 
s t a t o l i t h s  a r e  added t o  t h e  s t a t o c y s t  i n  a regu- 
l a t e d  manner by t h e  m i g r a t i o n  o f  c e l l s  w i t h  t i n y  
i n t r a c e l l u l a r  s t a t o l i t h s . "  U n t i l  f u r t h e r  s t u d i e s  
a re  done i n  which t h e  l i t h o c y t e s  with t i n y  
s t a t o l i t h s  i n  t h e  epidermis a r e  l a b e l l e d  i n  some 
manner and t r a c e d  fron t h e  gast rodermis t o  t h e  
s t a t o c y s t ,  I cannot be c e r t a i n  t h a t  these c e l l s  
m i g r a t e  no r  what r o u t e  they  take. A p o s s i b l e  
route,  however, would be through t h e  mesogloea. 
T iny  s t a t o l i t h s  i n  c a l c i f y i n g  ves i c les ,  however, 
have n o t  been found i n  t h e  s t a t o c y s t ,  suggest ing 
t h a t  e a r l y  m i n e r a l i z a t i o n  o f  s t a t o l i t h s  must 
o r i g i n a t e  elsewhere and that t h e  m i n e r a l i z i n g  
c e l l s  must move i n t o  the  s t a t o c y s t .  

R.J. Kin s l e  : How do you i n t e r p r e t  t h e  p o s i t i v e  

t h a t  t h e r e  i s  lysosomal a c t i v i t y  o c c u r r i n g  i n  
these v e s i c l e s ?  Have lysosomes been s p e c i f i c a l l y  
i d e n t i f i e d  i n  areas o f  s t a t o l i t h  c a l c i f i c a t i o n ?  
Author: The CVs cou ld  have lysosomal a c t i v i t y .  
fhyberg and F r i b e r g  (1970) r e p o r t e d  two types o f  
m i n e r a l i z i n g  v e s i c l e s  i n  t h e  t i b i a l  ep iphyseal  
p l a t e s  of young male guinea p igs.  One t ype  ( t y p e  
1) which had a c i d  phosphatase a c t i v i t y  was 
repo r ted  by Thyberg and F r i b e r g  t o  be lysosomes. 
These au tho rs  suggested t h a t  lysosomal enzymes 
may degrade b o t h  glycosaminoglycan and t h e  p ro -  
t e i n s  t o  which they are bound. A l o c a l  re lease  
o f  t h e  lysosomal enzymes and t h e  chemical changes 
i n v o l v e d  cou ld  be o f  importance i n  t h e  format ion 
o f  e a r l y  m ine ra l  deposi ts ,  acco rd ing  t o  these 
authors. Abol ins-Krogis  (1973) a l s o  found a c i d  
phosphatase p o s i t i v e  granules i n  t h e  CaCo3- 
s y n t h e s i z i n g  c a l c i f y i n g  g ranu les  o f  t h e  s n a i l ,  
H e l i x  pomatia. According t o  Abol ins-Krogis ,  t h e  
enzymes o f  these granules seem t o  be engaged i n  
degradat ion processes necessary f o r  t he  removal 
and decomposit ion o f  the o rgan ic  p a r t  o f  the '' 

c a l c i f y i n g  bod ies  a f t e r  m i n e r a l i z a t i o n  occurs. 1 
have n o t  seen t y p i c a l  lysosomes i n  the area o f  
s t a t o l i t h  c a l c i f i c a t i o n ,  b u t  I b e l i e v e  t h a t  t h e  
acid-phosphatase-containing CVs cou ld  be m o d i f i e d  

& phosp a tase  r e a c t i o n  i n  CVs? Is i t  p o s s i b l e  
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lysosomes capable o f  concen t ra t i ng  ca l c ium and 
s u l f a t e  i ons  f o r  t h e  seeding o f  s t a t o l i t h s .  

R.J. Kings ley :  
ephyrae does t o  the  organisms? 
i n  the number o f  s t a t o l i t h s  a f t e r  e i g h t  days 
suggest t o  me t h a t  t h e  ephyrae may be under 
severe me tabo l i c  s t r e s s  which c o u l d  i n  i t s e l f  
a f f e c t  s t a t o l i t h  format ion and demine ra l i za t i on .  
Is t h e r e  a normal t u rnove r  o f  m ine ra l  i n  
s t a t o l i t h s ?  
disappearance o f  s t a t o l i t h s  d u r i n g  s t a r v a t i o n ,  
1 .e., w i t h o u t  food, necessary o rgan ic  m a t r i x  
components a r e  m iss ing  and those  s t a t o l i t h s  
demine ra l i zed  i n  normal t u r n o v e r  cannot  be 
rep1 aced? 
Author: The exact mechanisms o f  t h e  e f f e c t s  o f  
s t a r v a t i o n  on t h e  j e l l y f i s h  ephyrae have not been 
inves t i ga ted .  My i n t e r p r e t a t i o n  o f  t h e  e f f e c t s  
o f  s t a r v a t i o n  on s t a t o l i t h s  i s  t h a t  t h e  t u r n o v e r  
nf  ca lc ium i s  mod i f i ed  so t h a t  ca l c ium l o s s  i s  
g r e a t e r  t han  ca l c ium ga in  and t h e  ca l c ium i s  
exc re ted  ou t  o f  t h e  s t a t o l i t h s  and i n t o  t h e   sea^ 
water. 
t h e  suggest ion t h a t  t h e  necessary o rgan ic  m a t r i x  
components a r e  l o s t  d u r i n g  s t a r v a t i o n ,  r e s u l t i n g  
i n  an i n a b i l i t y  t o  rep lace  demine ra l i zed  s ta to -  
l i t h s ,  i s  a good one and would be a good area t o  
i n v e s t i g a t e .  O f  importance, i n  t h i s  regard, i s  
t h e  f i n d i n g  t h a t  c e r t a i n  substances (i .e., 
cadmium and thy rox ine )  a c c e l e r a t e  t h e  r a t e  o f  
s t a t o l i t h  l o s s  d u r i n g  s t a r v a t i o n ,  and o f f e r  
o p p o r t u n i t i e s  t o  i n v e s t i g a t e  t h e i r  r o l e  i n  
d e m i n e r a l i z a t i o n  i n  t h i s  r e l a t i v e l y  s imp le  
m i n e r a l i z i n g  system. 

R . J .  Kings ley :  
day 4, t i j e r e  a r e  more s t a t o l i t h s  i n  t h e  3 UM CdZ+ 
+ 5X Ca2 t rea tmen t  than i n  t h e  c o n t r o l s ?  
Author: I do n o t  know why on Qay 4, t h e i e  a r e  
more s t a t o l i t h s  i n  the  3 M Cd2 + 5 X  Ca2 than  i n  
con t ro l s .  By Day 8, t h i s  group was n o t  d i f f e r e n t  
from t h e  c o n t r o l s .  Other t i m e  p e r i o d s  were no t  
studied. 

What do you t h i n k  n o t  f eed ing  
The d r a s t i c  drop 

I f  so, does t h i s  e x p l a i n  t h e  

The mechanisms have n o t  been s tud ied,  but 

Do you have though ts  on why, on 

R m K i n  slc? : 
d t  y i e l d s  fewer s t a t o l i t h s  t h a n  
c o n t r o l s ?  
Ca2 a re  e x e r t i n g  a t o x i c  e f f e c t  on t h e  s t a t o l i t h  
forming c e l l s  o r  metabolism i n  genera l? 
Author: The 5X Ca* d i d  n o t  d i f f e r  s i g n i f i c a n t l y  
f r o m o n t r o l s  on Day 4 o r  Day 8, but t h e  3 X  Ca2 
d id .  
e f f e c t  on s t a t o l i t h  forming c e l l s  o r  metabolism 
i n  general,  I would expect t h e  s e y e r i t y  o f  t h i s  
e f f e c t  t o  be h ighe r  I n  t he  5X C$2 groups. I n  
a d d i t i o n ,  t h e  5X Ca2 + 3 H Cd2 would then show 
a d d i t l v e  t o x i c  e f f e c t s + r a t h e r  than a marked 
Improvement o f  t h e  Cd2 - t r e a t e d  groups, 
e s p e c i a l l y  as seen on Day 4. 

R . J .  K i n  sley: 
d n t a i n i n g  s t a t o l i t h  s i z e  seems l i k e  a 
real paradox. What arc? your though ts?  Were 
observat ions made on days o t h e r  than t h e  f i r s t ,  
f o u r t h ,  and e i g h t h ?  

Why do you t h i n k  t h e  3 X  and 5 X  

I s  i t  p o s s i b l e  t h a t  h i g h  l e v e l s  o f  

I f  excess ca l c ium were e x e r t i n g  a t o x i c  

. 

A decrease i n  s t a t o l i t h  number 

Author: The lower  s t a t o l i t h  number b u t  n o t  s i z e  
statement was i n  re fe rence  t o  s t a t o l i t h s  
deve lop ing  i n  t h e  presence o f  cadmium. The lower  
number p robab ly  i n d i c a t e s  t h a t  fewer  c e l l s  i n  t h e  
r h o p a l i a  m i n e r a l i z e d  o r  fewer c e l l s  capable o f  
m i ne r a  1 i z i n g d i f f e r e n  t i a t  ed du r i ng d eve 1 o pmen t o f 
t h e  ephyra. 
i n i t i a t e d ,  apparen t l y  t h e  s t a t o l i t h s  were ab le  t o  
grow t o  a s i z e  comparable t o  those o f  c o n t r o l s .  
No d i f f e r e n c e s  i n  s t a t o l i t h  s i z e s  as compared t o  
c o n t r o l s  were noted i n  t h e  demine ra l i zed  organ- 
isms. Many s t a t o l i t h s  (but n o t  a l l )  o f  deminer- 
a l i z i n g  c o n t r o l s  a r e  found t o  be s m a l l e r  than 
s t a t o l i t h s  o f  newly-formed o r  f e d  ephyrae. 

R.J. K ings ley :  
a f f e c t i n g  ca l c ium uptake? Is i t  competing w i th  
c a l  c i  um? 
Author: I n  t h e  case o f  t h e  j e l l y f i s h  study, t h e  
cadmium may be causing a reduced uptake o f  
ca l c ium or an acce le ra ted  l o s s  o f  c a l c i u m  ir! t h e  
deve lop ing  ephyrae. I n  t h e  n u t r i t i o n a l l y  
dep r i ved  ephyrae, t h e  cadmium i s  a p p a r e n t l y  
caus ing an acce le ra ted  l o s s  o f  ca lc ium. 
f i n d i n g  t h a t  ca l c ium supplementat ion causes t h e  
ephyray t o  r e t a i n  more s t a t o l i t h s  i n  t Q e  presence 
o f  Cd2 than  i n  those t r e a t e d  w i t h  Cd2 a lone 
i n d i c a t e s  t h a t  t h e  ca l c ium may have reduced Cdz+ 
uptake i n t o  t h e  l i t h o c y t e s  o r  may s imp ly  have 
p rov ided  more ca l c ium t o  r e p l a c e  t h a t  be ing  l o s t  
from t h e  l i t h o c y t e s .  F i sche r  (1985) us ing  
c u l t u r e d  Chinese hamster c e l l  s , r e p o r t e d  t h a t  
" w h i l e  magnesium and phosphate i o n s  revealed no 
effect,on Cd2 accumulation, a c l e a r  antagonism 
o f  Cas cou ld  be demonstrated." I n  h i s  
d iscuss ion,  F i sche r  d e t a i l s  o t h e r + r e p o r t e d  
i n t e r a c t i o n s  between Caz and CQ2 He o i n t s  
ou t+ tha t  t h e  i o n i c  r a d i i  o f  Ca2 (6.97 A! and 
Cd2 (0.99A) are s i m i l a r ,  so t h a t  perhaps t h e  
same uptake processes a r e  used f o r  b o t h  meta ls .  
Cadmium a l s o  i n h i b i t s  ca l c ium t r a n s p o r t  i n  
m i tochondr ia  (Toury e t  a1 ., 1985); ca l c ium 
b i n d i n g  p r o t e i n  ca lmodu l i n  (Cox and Harr ison,  
1983); macroscopic ca l c ium c u r r e n t s  i n  r a t  b r a i n  
membrane v e s i c l e s  (Nelson, 1984)+by reducing t h e  
s i n g l e  channel conductance. Cdz can a l s o  b l o c k  
s i n g l e  c a r d i a c  ca l c ium channels as r e p o r t e d  i n  
guinea p i g  v e n t r i c u l a r  c e l l s  by Hess e t  a l .  
(1984). 

R . M .  Di l laman:  The au tho r  s t a t e s  "...that 
cadmium a c t s  d i r e c t l y  i n  t h i s  s imp le  system t o  
cause an increased r e d u c t i o n  o f  s t a t o l i t h  numbers 
and presumably an acce le ra ted  r a t e  o f  ca l c ium 
l o s s  i n  t h e  unfed ephyrae." What i s  your  
evidence t o  suppor t  such a s tatement? 
Author: My statement t h a t  Cd2 a c t s  d i r e c t l y  i n  
t h e  s imple j e l l y f i s h  was w i t h  r e g a r d  t o  t h e  f a c t  
t h a t  coe len te ra tes  do n o t  have organs, such as 
k idveys  o r  b lood  systems, which' c o u l d  concen t ra te  
Cd2 and cause i n d i r e c t  e f f e c t s  as occurs i n  . 
h ighe r  organisms wi th complex organ systems. 

Once t h e  m i n e r a l i z a t i o n  was 

How do you t h i n k  cadmium i s  

The 

I" 
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